In Japan, the food self-sufficiency ratio accounts for only 40% of the total domestic demand on a calorie basis. Especially, the self-sufficiency ratio of livestock feed is only 25%. Even for the supply of bulky feed such as hay or rice straw, about 20% of the total domestic demand depends on import from overseas. However, imported bulky feed is considered to be one of the major infection routes of foot and mouth disease. Furthermore, the excess organic matter from imported feed accumulates as animal discharge, and causes environmental problems in Japan. Therefore, the enhancement of self-sufficiency in feed supply and the development of a recycling system between livestock farming and crop production are strongly required to solve these problems.
Production of rice for forage use in redundant paddy could be a means of enhancing the domestic feed supply. In this case, harvest as whole crop silage (WCS) could contribute to the efficient utilization of total farm products as livestock feed. Recently, the production of rice for WCS has markedly increased in Japan. The area of paddy cropping for WCS covered 5200 ha in 2006. Especially, in the Kyushu district, livestock farming accounts for about 40% of the total agricultural production value. Therefore, the need for rice WCS was relatively higher compared to that in other district in Japan. The cropping area of WCS rice in Kyushu is exceeded 2500 ha in 2006.
The Ministry of Agriculture, Forestry and Fisheries (MAFF), Japan has carried out a research project on the utilization of rice as WCS since 1999. One of the main objectives of this project is to develop special rice varieties for WCS use suitable for low-cost production. As a result of this project, high-yielding rice varieties for WCS use have been developed since the 2000s. "Bekoaoba" (Nakagomi et al. 2006) , "Yumeaoba" (Miura et al. 2006) and "Kusayutaka" (Uehara et al. 2003) were released for the cool region of Japan. "Hoshiaoba", "Kusahonami", "Kusanohoshi" and "Leafstar" (Ookawa et al. 2006) were developed for the region with moderate temperature. For Kyushu, a warm region of Japan, two varieties, "Mohretsu" and "Nishiaoba" (Tamura et al. 2007 ) have been developed and disseminated for WCS use.
Mohretsu, a major variety for WCS use in Kyushu is an Indica variety bred by Kirin Brewery Co. Ltd. However, its high shattering habit of grain is undesirable for WCS production, causing grain loss at harvest or contamination of the next crop with shattered seeds. Nishiaoba is a Japonica variety with large grain, cultivated mainly in the mountainous region of Kyushu. Since its low lodging resistance, Nishiaoba is not suitable to fertile plain area of Kyushu. Therefore, new rice varieties with a higher productivity, lodging resistance and a lower shattering habit of grain are required for WCS use in the plain area of Kyushu. For this purpose, we developed a new rice variety "Tachiaoba". In the present note, we described the breeding process and main traits of this variety.
Breeding process
The genealogy of Tachiaoba is shown in Fig. 1 . The breeding objective was to develop a variety with an outstanding lodging resistance under both transplanting and direct seeding cultivation. To achieve this objective, we chose a USA variety "Lemont" as breeding material. Lemont is a short-culm variety specially developed for direct seeding. Its extremely high resistance to root lodging (Terashima et al. 1992, Ogata and Matsue 1996a) is associated with higher ability to maintain the upper part of the plant erect due to the presence of thick roots (Terashima et al.1993 , Ogata and Matsue 1996b , Sakata et al. 2003 .
The breeding procedure of Tachiaoba is outlined in Fig. 2 population. The plants showing a similar root thickness to that of Lemont were selected in the nursery. The selected plants were transplanted to the field. In 1995, the selection based on root thickness by observation before transplanting was repeated in F 3 lines, and "47-1-1", one of the selected F 3 lines was crossed with "95SH50" a high-yielding line in the same year. The derived F 1 was crossed with "Hakei 906", a sister line of "95SH50" in 1996.
In 1998, three hundred plants from the F 2 population were cultivated. At the maturing stage, all the plants were dug up and their root thickness was visually observed. Eventually, sixty-eight plants were selected based on their root thickness. The selection for the progenies of the selected F 2 was carried out according to the pedigree method. In 2003, one of the promising breeding lines was designated as "Saikai-shi 253" and its local adaptability was evaluated. In 2006, Saikai-shi 253 was recognized for its outstanding productivity as whole crop, and then officially registered as "Paddy Rice Norin 419", by MAFF and named Tachiaoba. The F 10 generation was obtained in 2006.
As previously described, the recurrent selection based on root thickness in early generations with multiple crosses was remarkably effective in the breeding process of this variety. Takita and Kushibuchi (1983) , Ogata and Matsue (1996b) suggested that the selection based on root traits at seedling stage was effective for the improvement of the root lodging resistance. The effect of the selection based on root traits in the seedlings in early generations was practically confirmed in the breeding procedure of this variety.
Agronomic characters
In this chapter, we described about the characteristics of Tachiaoba, mainly compared to those of "Minamihikari", a late variety cultivated for staple food in the warm region of Japan. Its heading date was 5 days later than that of Minamihikari under transplanting cultivation (Table 1 ). The maturity of Tachiaoba was classified into "extremely late" in the ↓ warm region of Japan. The culm was about 20 cm longer than that of Minamihikari. The panicle was longer, and the panicle number per unit area was lower than those of Minamihikari. Tachiaoba was characterized by a long erect upper leaf, long and thick culm compared to those of Minamihikari or other ordinary Japanese varieties ( Fig. 3 and Fig. 4 ). These traits are considered to be inherited from Lemont. In spite of long culm, Tachiaoba exhibited a high lodging resistance under both transplanting and direct seeding cultivation (Table 1) . The crown root and basal stem of Tachiaoba were obviously thicker than those of Minamihikari and equivalent to those of Lemont. The value of the total dry weight of roots was higher than that of Minamihikari or Lemont (Fig. 5 and Table 2 ). Pushing resistance of plants is considered to be an indicator of the lodging resistance under direct seeding (Terashima et al. 1992, Ogata and Matsue 1996a) . The pushing resistance of Tachiaoba was more than twice as high as that of Minamihikari and higher to that of Nishiaoba or "Kusanohoshi", the other varieties developed for WCS use (Table 3) .
The yield of Tachiaoba as a whole crop was higher (126% to 128%) than that of Minamihikari, and the yield as rough rice was higher (115%) to that of Minamihikari, respectively in early transplanting (Table 4 ). The whole crop yield of Tachiaoba was also higher (116%) than that of Minamihikari in normal season transplanting. The whole crop yield of Tachiaoba was highier (110% to 120%) than that of Nishiaoba or Kusanohoshi, in these trials.
Disease resistance and tolerance to damages are listed in Table 5 . Tachiaoba is estimated to harbor the resistance genes Pia and Pii to blast disease. Its field resistance to leaf blast was classified into "moderate". Tachiaoba also harbored the resistance gene Pb1 for panicle blast, and its field Dates of transplanting and nitrogen application as basal dressing were the same as those for "Early transplanting with heavy fertilizer application". For top dressing, 0.6 kg N a −1 was added. e Dates of transplanting were ranged from June 14 to June 23 in tested year. Basal dressing was 1.2 kg N a −1 . Top dressing was 0.4 kg N a −1 . f Dates of seeding were ranged from June 3 to June 6 in tested year. Seeding density was 3.5 g m −2 as dry seed. Basal dressing was 1.0 kg N a −1 as slow-release fertilizer. resistance to panicle blast was classified into "moderately resistant". Its resistance to bacterial leaf blight was classified into "moderately susceptible". Tachiaoba was also resistant to rice stripe virus due to the presence of the Stvb-i resistance gene. The shattering habit was classified into "resistant", and the viviparity was classified into "moderate", respectively.
Therefore the risk of contamination of the next crop with shattered seeds at harvest was considered to be lower than that of Mohretsu (Table 5) .
Feeding value
The content of total digestible nutrients (TDN) in the whole crop of Tachiaoba was about 60% (dry matter basis, harvest at the yellow-ripe stage), based on near-infrared spectroscopic analysis (NIR). Crude protein (CP) content in the whole crop ranged from 6% to 7% (dry matter basis, harvest at the yellow-ripe stage) based on NIR (Table 6 ). The TDN and the CP contents of Tachiaoba were comparable to those of Minamihikari, Kusanohoshi and Nishiaoba. As its higher whole crop yield, Tachiaoba displayed a higher TDN yield per unit area (TDN content × whole crop yield) compared to that of these varieties.
Prospect of dissemination and utilization
Tachiaoba is the first variety in which the lodging resistance was improved by the selection based on root traits in Japan. It is also one of the highest-yielding varieties as Fig. 5 ). b Root diameter was measured for 10 fresh samples per each plant at 5 cm outside from the stainless steel sieve bowl. c Culm diameter was measured for 10 oven-dried samples per each plant at 5 cm from their base. d Values are expressed as means ± standard deviation. Terashima et al. (1992) at 14 days after heading in 2003. The pushing force in a 12 cm wide row was measured at a 15 cm height from the soil surface (0 to 45 degrees) for each plants using a digital force gauge. b Seeded on the surface of puddled paddy at a hill spacing of about 6 cm and a row spacing of 30 cm. c Seeded at a depth of about 1 cm in puddled paddy. Hill and row spacings were the same as those in paddy surface seeding.
whole crop. It is considered to be suitable for low-cost feed production by direct seeding due to its outstanding lodging resistance. The whole crop yield and the TDN yield per unit area as well as the lodging resistance of Tachiaoba were higher than those of to Nishiaoba or Kusanohoshi. The grain loss at harvest and the risk of contamination of the next crop were lower than those of Mohretsu due to the lower shattering habit of grains. In addition, Tachiaoba could be clearly a Cultivation methods corespond to those indicated in Table 1 . b Whole crop samples were harvested and prepared following Table 4 c Investigating on a dry matter basis by near-infrared spectroscopic analysis (NIR) at the National Institute of Livestock and Grassland Science (Ogawa et al. 1987 distinguished from the varieties for staple food production by its extremely long culm and unique stature after the heading stage. Tachiaoba is considered to be the main WCS rice variety cultivated in the plain area of the Kyushu district. Commercial cultivation of Tachiaoba for WCS has been initiated in the Chikugo plain area of Fukuoka prefecture since 2006.
Attention should be paid to the following aspects for the cultivation of this variety. 1) Tachiaoba requires a longer supply of water and fertilizer due to its extremely late maturity.
2) The yellow-ripe stage is considered to be the optimum stage for harvest in terms of TDN content or silage quality. 3) Tachiaoba is not suitable for cultivation in an area where bacterial leaf blight prevails due to its low resistance to the disease.
